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[57] ABSTRACT 
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signals indicative thereof and the amount 01' fuel to be 
injected into the engine is determined in accordance 
with the signals, thus controlling the air-fuel ratio at a 
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AIR-FUEL RATIO CONTROL METHOD AND 
APPARATUS FOR INTERNAL COMBUSTION 

ENGINES 

BACKGROUND OF THE INVENTION 

The present invention relates to air-fuel ratio control 
apparatus for internal combustion engines, and more 
particularly to apparatus for optimally controlling the 10 
air-fuel ratio of an engine in accordance with the engine 
operating conditions so as to prevent thermal break 
down of the supercharger and the exhaust system com 
ponents and reduce fuel consumption. 

Generally, the compression of an intake mixture sup 
plied to an engine by a supercharger is accompanied 
with an increase in the intake air temperature super 
charging necessitates decreasing the turbine inlet nozzle 
area for exhaust gases as far as possible so as to ensure 
rise in the supercharged pressure and hence the super 
charging effect at the low engine speeds. However this 
increases exhaust pressure at high engine speeds and 
increases the tendency of knocking with ordinarily used 
gasoline fuel. 
More specifically, under high speed and high load 

operating conditions the engine is operated with an 
ignition timing greatly retarded with respect to the 
optimum ignition timing, MBT (minimum spark ad 
vance for best torque) for the air-fuel mixture supplied 
to the combustion chamber. As a result, the exhaust gas 
temperature becomes extremely high so that the super 
charger installed in the exhaust system and the exhaust 
system components are exposed to elevated tempera 
tures and are faced with the danger of breaking down 
by heat. At the same time, output power is restricted by 
knocking with a resulting increase in fuel consumption. 
Thus, to overcome these de?ciencies, it is already 
known in the art to use either fuels having a large igni 
tion lag, in place of ordinary gasoline, so as to increase 
the ignition lag required for initial combustion or an 
additive such as tetraethyl lead or a mixture of a fuel 
having a good antiknock properties (e.g., benzol or 
alcohols) and ordinary gasoline. However, these mea 
sures are not practical in that a change of fuel is not 
desirable so far as the matter concerns gasoline engines 
and the addition of lead is contrary to the recent trend 
toward using clear gasolines. Also the addition of any 
other fuel to ordinary gasoline requires a device for this 
particular purpose with the resulting increase in the 
cost. Further, recently the use of clear gasolines must be 
a prerequisite in view of the demand for minimized 
emissions. 
Other measures intended for pushing back the igni 

tion timing at which knock begins to occur have been 
investigated and they include reducing the compression 
ratio to minimize the temperature and pressure of the 
exhaust gas in the combustion process, using a variable 
compression ratio construction, modifying the combus 
tion chamber into a swirl producing construction which 
increases the ?ame speed, etc. However, the reduced 
compression ratio decreases fuel consumption under 
part-load operation, and the variable compression ratio 
construction and the modified combustion chamber 
shape are disadvantageous from the standpoints of 
structural complexity, reliability and increased cost. 
Where the use of a clean gasoline is presupposed and 

the compression ratio is not modified particularly, the 
most simple and inexpensive method of decreasing the 
elevated exhaust gas temperature under high speed and 
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high load operation is to vary the air-fuel ratio of mix 
ture. In the case of gasoline engines. generally the air 
fuel ratio at high engine speed and load, is kept consid 
erably rich as compared with that at low engine speed 
and load so as to push back the knock limit to thereby 
decrease the exhaust gas temperature and restore the 
output power. In this case, depending on the air-fuel 
ratio control method used, there is the danger that a 
supercharger installed in the exhaust system and the 
exhaust system components may be damaged by heat, 
with the fuel consumption of the engine being inevita 
bly increased. 

SUMMARY OF THE INVENTION 

It is the object of the present invention to provide an 
improved air-fuel ratio control apparatus which elimi 
nates the foregoing de?ciencies in the prior art. The 
present invention is capable of controlling the air-fuel 
ratio of mixtures in accordance with the operating con 
ditions of an engine in an optimum manner such that the 
exhaust gas temperature is prevented from exceeding 
the heat resistance temperatures of the exhaust system 
component parts. This positively prevents the super 
charger and the exhaust system components from being 
damaged by heat, thus reducing fuel consumption. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram showing the overall 
construction ofan embodiment ofthe present invention. 
FIG. 2 is a block diagram showing the construction 

of the computer shown in FIG. 1. 
FIG. 3 is a ?ow chart showing the computing proce— 

dure of the computer shown in FIG. 1. 
FIG. 4 is a characteristic diagram useful for explain 

ing the operation of the apparatus of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention will now be described in 
greater detail with reference to the illustrated embodi 
ment. 

Referring to FIG, 1 showing the construction of an 
air-fuel ratio control apparatus for an internal combus 
tion engine, numeral 1 designates an air cleaner for 
cleaning the air to be drawn in, 2 an air-flow meter for 
measuring the amount of air drawn into an engine 8, and 
3 a compressor impeller ofa supercharger for compress 
ing and supercharging the intake air measured by the 
air-flow meter 2. The compressor impeller 3 is linked to 
a turbine impeller 10 by a common shaft and mounted 
inside a compressor housing 4. Numeral 5 designates an 
engine intake pipe in which is disposed a throttle valve 
6 linked to the accelerator pedal which is not shown. 
Numeral 7 designates a fuel charging injector fitted in 
the inlet port portion of the engine 8 and operable in 
response to the signal applied from a computer 17 
which will be described later. While, in FIG. I, only the 
single injector 7 is shown, it is possible to provide as 
many injectors 7 as there are cylinders in the engine 8. 
Numeral 9 designates an exhaust manifold for conduct 
ing the high temperature exhaust gases produced by the 
combustion in the engine 8, and mounted on the down 
stream part of the exhaust manifold 9 is a supercharger 
turbine casing 11 having the turbine impeller 10 
mounted therein. Numeral l2 designates a bypass valve 
so designed that the exhaust gases discharged from the 
engine 8 may bypass the turbine casing 11 so as to pre 
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vent the supercharged pressure in the intake pipe 5 from 
exceeding a preset maximum. The operation of the by 
pass valve 12 may be feedback controlled by, for exam 
ple, the pressure in the intake pipe 5. The exhaust gases 
which pass through the bypass valve 12 ?ow through a 
bypass pipe 13 into an exhaust pipe 14 where they join 
with the exhaust gases which were discharged from the 
turbine impeller 10, and the exhaust gases are then dis 
charged to the atmosphere through an exhaust gas puri» 
fying catalyst and an exhaust muf?er which are not 
shown. Numeral 15 designates a temperature sensor for 
sensing the temperature T of the exhaust gases ?owing 
into the turbine casing 11 and applying its detection 
signal to the computer 17. Numeral 16 designates an 0; 
sensor forming an air~fuel ratio sensor for sensing the 
air-fuel ratio of mixtures, 18 a water temperature sensor 
for sensing the cooling water temperature ofthe engine 
8, 19 a throttle position sensor for sensing the position of 
the throttle valve, 20 an RPM sensor for sensing the 
number of revolutions of the engine 8, 21 a starter 
switch for detecting whether the starter is in operation 
or not, and 22 a supply voltage sensor for sensing the 
battery voltage. The detection signals of these sensors 
are applied to the computer 17. 

In FIG. 2 showing the construction of the computer 
17, numeral 171 designates a first interface circuit for 
reshaping its various input signals, generating a com 
puter interrupt request signal pulse, converting the ana 
log signals to digital signals and generating clock sig 
nals. Numeral 172 designates a main computing circuit 
which in this embodiment comprises a microcomputer 
designed to perform various computational operations 
in time-shared manner by means of a software. The 
construction and operation of the microcomputer are 
well known in the art and will not be described. Nu 
meral 173 designates a second interface circuit for con 
verting the computation result of the main computing 
circuit 172 into a pulse width in accordance with the 
signal from the first interface circuit 171. Numeral 174 
designates a drive circuit for subjecting the output sig 
nal of the second interface circuit 173 to power amplifi 
cation and actuating the injector 7. 
The operation of the apparatus of this invention will 

now be described brie?y. A basic quantity T0 of fuel to 
be injected into the engine 8 is computed in accordance 
with the signal from the RPM sensor 20 and the signal 
from the air-?ow meter 2. If N represents the engine 
rpm and Q represents the amount of air ?ow, the basic 
injection quantity TO is given by Q/N. On the other 
hand, an exhaust gas temperature correction amount AT 
is determined in accordance with the output signal of 
the temperature sensor 15 which is indicative of the 
exhaust gas temperature T, and an injection quantity 7 is 
computed in accordance with a correction amount A1,, 
determined in accordance with the signals from the O3 
sensor 16, the water temperature sensor 18, the throttle 
position sensor 19, the starter switch 21 and the supply 
voltage sensor 22. The injection quantity 1' is given by 
(Q/N) (1+AT.,+AT). 
FIG. 3 is a ?ow chart showing the computing proce 

dure for obtaining the exhaust gas temperature correc~ 
tion amount Ar relating to the exhaust gas temperature. 
Firstly, the fuel injection quantity corresponding to the 
stoichiometric air-fuel ratio (the air-excess ratio A: l) is 
determined by a main routine (hereinafter referred to as 
an EFI main routine) and the fuel is injected by the 
injector 7 into the engine 8. When the clock signal gen 
erated at intervals of 1 sec is applied as an interrupt 
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4 
request signal to the main computing circuit 172 from 
the first interface circuit 171, a step 100 starts an exhaust 
gas temperature correction routine. A step 101 deter 
mines whether the temperature T of the exhaust gases 
?owing into the turbine casing which was sensed by the 
temperature sensor 15 is less than a predetermined value 
Ti (z900° C.). lfT<T|, the control is transferred to a 
step 102, whereas ifT<T1, the control is transferred to 
a step 110. T<T1 corresponds to the low and intermedi 
ate speed and load operations of the engine and T<T1 
corresponds to the high speed and load operation. The 
step 102 determines whether the signal from the 0; 
sensor 16 is at a high level (rich mixture) or a low level 
(lean mixture). If the mixture is rich, the control is trans 
ferred to a step 105. lfit is not, the control is transferred 
to a step 103. The step 103 connects the feedback (F'B) 
circuit which is designed so that in accordance with the 
signal from the 0; sensor 16 the air-fuel ratio is con 
trolled by the EFI main routine 115 so as to attain >t=l 
and in this way the air-fuel ratio is controlled at the 
stoichiometric ratio. A step 104 sets the exhaust gas 
temperature correction amount Ar to O and then the 
control is transferred to the EFI main routine 115. Ifthe 
step 102 determines that the mixture is rich, the control 
is transferred to the step 105 which in turn determines 
whether the gradient of the exhaust gas temperature T 
is positive with respect to the passage of time. If the 
gradient is positive. the control is transferred to the EFI 
main routine 115. If the gradient is not positive. the 
control is transferred to a step 106 which in turn discon 
nects the feedback circuit. A step 107 computes a decre— 
ment ATLIKAT) corresponding to T1—T=AT. A step 
108 subtracts the decrement A11 computed by the step 
107 from the current exhaust gas temperature correc 
tion amount AT and the resulting value becomes a new 
exhaust gas temperature correction amount. A step 109 
determines whether the difference value Ar is positive 
or negative. If it is positive, the control is transferred to 
the EFI main routine 115, whereas if it is not positive. 
the control is transferred to a step 114. The step 114 sets 
the exhaust gas temperature correction amount Ar to 0 
and then the control is transferred to the EFI main 
routine 115. 
The step 110 determines whether the gradient of the 

exhaust gas temperature T is positive with respect to the 
passage of time. If the gradient is positive, a step 111 
disconnects the feedback circuit. A step 112 computes 
an increment ATRIfR (AT) corresponding to 
T—T| :AT, and then the next step 113 adds the incre 
ment A-rR to the current exhaust gas temperature cor 
rection amount A1- to obtain a new exhaust gas tempera 
ture correction amount. Then the control is transferred 
to the EFI main routine 11S. Ifthe step 110 determines 
that the gradient of the temperature T is not positive, 
the control is directly transferred to the EFI main rou 
tine 115. The processing of the steps 110 to 113 is such 
that with the exhaust gas tmperature T being higher 
than the predetermined value T}, if the temperature T 
rises further, the feedback circuit is disconnected so that 
the correction amount Ar is increased and the air-fuel 
ratio is enriched thus decreasing the exhaust gas temper 
ature T, whereas if the temperature T decreases, the 
control is effected with the current correction amount 
A7‘ maintained as such. The determination of the tem 
perature gradient by the step 110 is effected in accor 
dance with the difference between the preceding data 
and that obtained 1 second later. 
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The above-described control characteristics of the 
fuel injection quantity are graphically represented by 
FIG. 4 in which (a) shows the variations of the exhaust 
gas temperature T and the load and (b) shows the varia 
tions of the air-fuel ratio (A/F). In FIG. 4, the solid 
lines A show the characteristics obtained under the 
operating conditions of the engine 8 ranging from the 
acceleration operation to the continuous high load op 
eration and the broken lines B indicate the characteris 
tics obtained under the part load steady operation. For 
instance, during the interval from tQto t1 the exhaust gas 
temperature T is lower than the preset value T1 so that 
the air-fuel ratio is controlled substantially at the stoi 
chiometric air-fuel ratio ()tz l), whereas when the tem 
perature T exceeds the preset value T; as during the 
interval t| to t2, the air-fuel ratio is controlled to gradu 
ally increase in richness so that the temperature T starts 
decreasing (during the interval t2 to t3) and thus the 
air-fuel ratio is practically held at the value of the time 
when the temperature 'I‘ started decreasing. Thereafter, 
when the temperature T becomes lower than the preset 
value T1 (during the interval 13 to t4), the air-fuel ratio is 
controlled to approach the stoichiometric ratio (on the 
lean side). However, under the continuous high load 
operation the temperature T starts increasing again as 
shown by the solid line A (during the interval t4 to 15) so 
that the air-fuel ratio is substantially held constant and 
thereafter the air-fuel ratio is controlled in the same 
manner as mentioned previously. On the other hand, 
during the part load steady operation the temperature T 
starts decreasing after the time t3 as shown by the bro 
ken line B and thus the air-fuel ratio is controlled at the 
stoichiometric ratio. 

It will thus be seen from the foregoing that in accor 
dance with the present invention, by virtue of the fact 
the air-fuel ratio is controlled by detecting the tempera 
ture ofthe exhaust gases ?owing into the turbine casing 
of the supercharger, the exhaust gas temperature is 
prevented from exceeding the heat proof temperature 
limits of the supercharger and the exhaust system com 
ponents and the fuel quantity is not increased without 
purpose, thus making the apparatus effective in improv 
ing the thermal reliability and improving the fuel con 
sumption. 
We claim: 
1. A method of controlling the air-fuel ratio of an 

internal combustion engine comprising the steps of: 
sensing the amount of air sucked into the engine to 

generate an intake signal; 
sensing the temperature of the exhaust gases of said 

engine to generate a temperature signal; 
sensing the air-fuel ratio by monitoring the composi 

tion of said exhaust gases to generate a ratio signal; 
discriminating whether the temperature of the ex 

haust gases is lower than a predetermined value on 
the basis of said temperature signal; 

?rst determining with a microcomputer, in response 
to said intake signal and said ratio signal, the 
amount of fuel to be injected to cause the air-fuel 
ratio to approach a stoichiometric air-fuel ratio on 
the basis of said ratio signal when the temperature 
of exhaust gases is lower than said predetermined 
value; 

second predetermining with a microcomputer, in 
response to said intake signal and said ratio signal 
the injection fuel amount to cause the air-fuel ratio 
to become rich on the basis of said air-fuel ratio 
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6 
signal when the exhaust gas temperature is higher 
than the predetermined value; and 

injecting the fuel into said engine on the basis of said 
determining steps. 

2. A method according to claim 1, further comprising 
the step of supercharging the amount of air supplied to 
said engine by a compressor coupled by a common shaft 
to a turbine disposed to be driven by the exhaust gases 
?owing through an exhaust pipe of said engine. and 
wherein said temperature sensing step senses the tem 
perature of the exhaust gases ?owing into a casing of 
said turbine. 

3. An air-fuel ratio control apparatus for an internal 
combustion engine comprising: 

means for sensing the amount of air sucked into the 
engine; 

temperature sensor means for sensing the temperature 
of the exhaust gases of said engine to generate a 
temperature signal; 

air-fuel ratio sensor means for sensing the air-fuel 
ratio by monitoring the composition of said exhaust 
gases to generate a ratio signal; 

microcomputer means, responsive to said tempera 
ture signal and said ratio signal for (l) determining 
response to said temperature signal whether the 
temperature of the exhaust gases is lower than a 
predetermined value; (2) determining in response 
to said intake signal and said ratio signal; the 
amount of fuel to be injected to cause the air-fuel 
ratio to approach a stoichiometric air-fuel ratio 
when the temperature of exhaust gases is lower 
than the predetermined value; and (3) determining 
in response to said intake signal and said ratio signal 
the injection fuel amount to cause the air-fuel ratio 
to become rich when the exhaust gas temperature 
is higher than the predetermined value; and 

injector means. responsive to said microcomputer for 
injecting fuel into the engine. 

4. An apparatus according to claim 3. further com 
prising supercharger means including a turbine disposed 
to be driven by the exhaust gases flowing into an ex 
haust pipe of said engine and a compressor coupled to 
said turbine by a common shaft and operable to super 
charge the amount of air supplied to said engine; and 
wherein said exhaust gas temperature sensor means is 
disposed to sense the temperature of the exhaust gases 
?owing into a turbine casing of said supercharger 
means. 

5. A method according to claim 1 wherein said sec 
ond determining step further includes the steps of: 

determining the difference between said exhaust gas 
temperature and said predetermined value; 

determining a correction amount from said differ 
ence; and 

correcting the injection fuel amount by said correc 
tion amount. 

6. A method according to claim 5 wherein said cor 
rection amount determining step includes the steps of: 

determining whether the exhaust gas temperature is 
increasing or decreasing; and 

increasing said correction amount when the exhaust 
gas temperature is increasing. 

7. A method according to claim 6 wherein said cor 
rection amount determining step further includes the 
step of maintaining said correction amount as it is when 
said exhaust gas temperature is decreasing. 

8. A method according to claim 1 wherein said first 
determining step further includes the steps of: 
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determining the difference between said exhaust gas 
temperature and said predetermined value; 

determining a correction amount from said differ 
ence; and 

correcting the injection fuel amount by said correc— 
tion amount. 

9. A method according to claim 8 wherein said cor 
rection amount determining step further includes the 
steps of: 

determining whether the exhaust gas temperature is 
increasing or decreasing; and 

decreasing the correction amount when the exhaust 
gas temperature is decreasing. 

10. A method according to claim 8 wherein said cor 
rection amount determining step further includes the 
step of maintaining said correction amount as it is when 
said exhaust gas temperature is increasing. 

1]. An apparatus according to claim 3 wherein said 
microcomputer means determines the difference be 
tween said exhaust gas temperature and said predeter 
mined value, determines a correction amount from said 
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difference, and corrects the injection fuel amount by 
said correction amount. 

12. An apparatus according to claim 11 wherein said 
microcomputer means, when the exhaust gas tempera 
ture is higher than said predetermined value, determines 
whether the exhaust gas temperature is increasing or 
not and reduces said correction amount when the ex 
haust gas temperature is not increasing. 

13. An apparatus according to claim 11 wherein said 
microcomputer means, when said exhaust gas tempera 
ture is lower than said predetermined value, determines 
whether the exhaust gas temperature is increasing or 
not, and increases said correction amount when the 
exhaust gas temperature is increasing. 

14. An apparatus according to claim 13 wherein said 
microcomputer means, when said exhaust gas tempera 
ture is lower than said predetermined value, maintains 
the correction amount as it is when said exhaust gas 
temperature is not increasing. 

15. An apparatus according to claim 4 wherein said 
air-fuel ratio sensor is provided downstream of said 
turbine. 

it t i: i i 


